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Disseminated superﬁcial porokeratosis (DSP) is a rare autosomal dominant epidermal keratinization disorder of
lesions characterized by cornoid lamella with parakeratosis, hyperkeratosis, and loss of granular layers. The
genetic basis for this disease is unknown. Through a proband with a diagnosis of DSP, we identiﬁed a large four-
generation Chinese family with multiple DSP-affected members from Anhui province in China. After excluding the
linkage of the disease phenotype to two known loci for disseminated superﬁcial actinic porokeratosis in this family,
we performed a genome-wide linkage analysis using 387 microsatellite markers and identiﬁed a novel disease
locus for DSP at 18p11.3. Our subsequent ﬁne mapping and haplotype analyses further narrowed down the disease
locus into an 18.7 cM region between the telomere and D18S391 with a maximum two-point LOD (logarithm of the
odds) score of 4.82 (h¼ 0.00) at D18S1138. Therefore, this study provides strong linkage evidence for a DSP locus at
18p11.3.
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Porokeratosis is an epidermal disorder characterized by
annular lesions surrounded by a raised keratotic border. A
characteristic histological feature is the cornoid lamella.
Porokeratosis was classified into several subtypes, includ-
ing classic porokeratosis of Mibelli (PM), disseminated
superficial porokeratosis (DSP), disseminated superficial
actinic porokeratosis (DSAP), porokeratosis palmoplantaris
et disseminated (PPPD), porokeratosis punctata palmaris et
plantaris (PPPP) and linear porokeratosis (LP) (Chernosky,
1986). DSP was characterized by small, annular and brown
lesions with raised hyperkeratotic borders and atrophic
centers following the progression of the disease. The age of
onset is usually before the 20th birthday in Chinese patients
(Yang et al, 2002). LP usually occurs in children less than
10 y of age and a few congenital occurrences have been
reported (Rahbari et al, 1974). LP is characterized by the
appearance of small keratotic papules with atrophic centers
and peripheral keratotic ridge. The lesions, often over the
limbs, extend proximally and distantly to ultimately form a
linear or zosteriform configuration. The lesions are typically
asymptomatic and neither exacerbated by ultraviolet light
nor confined to sun-exposed skin (Sehgal et al, 1996).
Although porokeratosis was described more than a
century ago, the mechanism of its pathogenesis is still un-
known. Recently, two loci for DSAP were mapping on
12q23.2–24.1 and 15q25.1–26.1 in two Chinese families (Xia
et al, 2000, 2002). A locus for PPPD was located at chro-
mosome 12q24.1–24.2 in another Chinese family (Wei et al,
2003); however, no disease genes for DSP have been iden-
tified so far. We recruited and analyzed a large four-gener-
ation Chinese family with autosomal dominant DSP. We first
excluded the linkage of the disease phenotype to known
DSAP loci in this family and subsequently identified a novel
locus for DSP at 18p11.3 by a genome-wide linkage anal-
ysis of 387 microsatellite markers.
Results
Linkage analyses of 10 markers located at the regions
12q23.2–24.1 and 7 markers at 15q25.1–26.1 all gave quite
negative logaritm of the odds (LOD) scores and thus clearly
ruled out the linkage of the disease phenotype to these two
known DSAP loci in our family (Table S1). To map the dis-
ease locus in this family, we carried out a genome-wide
linkage analysis using 387 microsatellite markers. From
two-point linkage analysis, we identified strong evidence for
linkage at 18p11.3 with LOD scores of 2.41 at GATA178F11
(y¼ 0.00), 4.14 at D18S481 (y¼0.00), and 3.61 at D18S976
(y¼ 0.00). We then analyzed 10 additional microsatellite
markers from this region, and the linkage results from the
new markers confirmed our original finding by giving a
maximum two-point LOD score of 4.82 at marker D18S1138
(y¼ 0.00). All the two-point LOD scores of the 14 markers
analyzed in this study were summarized in Table S2.
To further narrow down the critical region harboring the
disease gene, haplotype was constructed for each typed1These authors contributed equally to this work.
Abbreviations: DSAP, disseminated superficial actinic porokerato-
sis; DSP, disseminated superficial porokeratosis; LOD, logarithm of
the odds; LP, linear porokeratosis
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family member, and potential recombination events were
analyzed (Fig S1). Haplotype analysis has identified three
recombination events. The first one is a recombination be-
tween D18s967 and D18s391 identified in the affected in-
dividual II-5, placing the DSP locus distal to D18S967. His
three children (III-10, III-11, and III-12) have all inherited
this recombinant chromosome. Another two recombination
events are between D18S391 and D18s452 and identified
in two unaffected individuals IV-2 and IV-8. IV-2 was over
20 y old and presumably to be a true unaffected individual.
The recombination event in the IV-2 further places the dis-
ease locus distal to D18S391. Considering the fact that
D18S59, the most distal marker analyzed in this study, gave
a significant LOD score of 3.01 (y¼ 0.00), our linkage and
subsequent haplotype analyses in this family has mapped a
novel locus for DSP within a 18.70 cM interval between the
telomere and D18S391, which contains about 5.6 Mb se-
quences (http://www.ncbi.nlm.nih.gov/map viewer).
Mutation analysis was carried out in three patients by
sequencing all the entire coding regions and exon–intron
boundaries of 19 candidate genes. The sequencing results
showed no mutation and variant in genes of USP14,
THOC1, CETN1, TYMS, YES1, ADCYAP1, METTL4, EM-
ILIN-2, MYOM1, MLCB, DLGAP1, ZFP161, and EPB41L3.
There were some variants in COLEC12, CLUL1, HSRTS-
BETA, KNTC2, LPIN2, and TGIF. The BLAST showed that
the variants in the non-coding in HSRTSBETA and TGIF
were SNP (http://www.ncbi.nlm.nih.gov/blast/). The variants
in inside of exons that did not change amino acid were
found in COLEC12, CLUL1, and LPIN2. There was se-
quence variant that change the amino acid was in exon17 of
KNTC2, it was found in unaffected members in this family
and control population.
Discussion
DSP is a subtype of porokeratosis, whose pathologic
mechanism is still unknown. In this study, we first exclud-
ed the linkage to two previously identified disease loci for
DSAP (DSAP1 and 2) in this family. We then performed a
genome-wide linkage analysis in this family using 387 mi-
crosatellite markers and identified significant evidence for
linkage at 18p11.3. Subsequent analysis of key recombin-
ants in the family has further located the disease locus in
this family within a 5.6 Mb region between the telomere and
D18S391. It should be noted that the centromeric boundary
of the critical region was determined by the recombination
events in an affected individual and, at least, one unaffected
individual, whereas the telomeric boundary is supported by
the analysis of nine affected individuals.
Porokeratosis is a genetic skin disease. Autosomal dom-
inant inheritance has been established for PM, DSAP, DSP,
and PPPD (Schamroth et al, 1997). Coexistence of the dif-
ferent subtypes of porokeratosis in single patient or family is
not common, and only the coexistence of LP and DSAP in a
single patient or family has been described in several earlier
reports (Freyschmidt-Paul et al, 1999; Kaur et al, 2002). In
this study, the girl was a patient with LP who was onset at
age 10 y. The scattered lesions were found in the neck of
the girl when we investigated this family again. Other af-
fected members were DSP whose onset of age was before
20 y old in this family.
The genetic basis of porokeratosis is not known. Genetic
mapping of disease loci and further cloning of the disease
genes responsible for porokeratosis will help us to under-
stand the pathogenesis of porokeratosis. Two loci for DSAP
were mapped at 12q23.2–24.1 and 15q25.1–26.1 in two
Chinese families by a genome-wide scan (Xia et al, 2000,
2002), as well as a locus for PPPD at 12q24.1–24.2 (Wei
et al, 2003). These results demonstrated that DSAP is a
genetically heterogeneous disorder. So far, no DSAP genes
have been found. In this study, the DSP locus was mapped
by linkage analysis at chromosome 18p11.3 within a 5.6 Mb
interval from the telomere to D18S391. Our result suggests
that DSP and DSAP may be caused by different disease
genes.
To identify the disease gene for DSP, we screened the
human genome database of genes on 12q23.2–24.1,
15q25.1–26.1, and 18p11.3 (http://www.ncbi.nlm.nih.gov/).
There were no specific genes expressed in skin and genes
relevant with a common pathway for porokeratosis on
18p11.3. Keratin genes were considered to be good can-
didates because several cutaneous disorders are caused
by mutations of keratins (Fuchs and Cleveland, 1998; Irvine
and Mclean, 1999; Coulombe and Omary, 2002). No known
keratin gene was found in the locus for DSP and the loci for
DSAP (Xia et al, 2000; Xia et al, 2002), however, suggesting
that keratins may not play an important role in porokeratosis
pathogenesis. There were about 50 genes or predicted
genes between the telomere and D18S391. Mutations anal-
yses of 19 function known genes on DSP locus were per-
formed in this Chinese family, but no mutations were found,
which suggested that DSP may be not caused by these
function known genes.
Recently, a novel psoriasis susceptibility locus was
mapped on 18p11 between makers D18S63 and D18S967
in Finnish families (Asumalahti et al, 2003). This critical re-
gion for the psoriasis susceptibility locus is overlapped with
the critical region for the DSP locus determined in this
study. Because both porokeratosis and psoriasis are epi-
dermal keratinization disorders, this overlap implies that
there might be an important gene in this region affecting the
differentiation of keratinocytes. The collection of more DSP
families and further study on candidate genes for DSP are
on the way.
This study has provided the first linkage evidence of a
DSP locus at chromosome 18p11.3. The identification of
the DSP gene will provide insights into understanding the
pathogenesis of DSP.
Materials and Methods
Pedigree and clinical observations A four-generation family with
autosomal dominant DSP was ascertained through a proband from
Anhui province in China. Forty-three individuals from this family
were carefully examined by an experienced dermatologist, 11 af-
fected individuals were identified (Fig S1). In 27 key individuals for
genotyping, there were 25 family members over 20 y old and two
family members over 15 y old in this study. The youngest patient
in this family was a girl in whom lesions initially appeared in a linear
array on her right arm at 10 y old (Fig 1). The lesions had slowly
increased in size and number afterwards. Five years ago, she
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developed similar lesions on third finger of her right hand with
complaints of pruritus in summer. Last year, we investigated this
family again and found scattered lesions on her neck. Skin biopsy
was taken from her right arm for pathological investigation. His-
topathologic examination showed unique characteristic of cornoid
lamella with absent granular layers below the parakeratotic column
(Fig S2). When we examined other affected family members in-
cluding the girl’s father, we found that annular lesions initially ap-
peared on their faces, ranging from 0.3 to 0.5 cm in diameter, when
they were 20 y or younger; these slowly evolved onto limbs, chest
and back. As the disease progressed, the lesions grew to 0.5–1
cm, with an elevated slightly dark-brown border and slightly
atrophic centers. (Fig S3, Fig 2). Except the girl who had LP, other
affected members of this family were all with DSP, an unusual case
of the coexistence of LP and DSP in a single family. Every family
member had a signed consent form and this study was approved
by the Anhui Medical University Review Board. After having given
informed written consent, 27 members of this family participated in
this genetic study by donating 10 mL of blood for DNA extraction
and genotyping analysis.
Genotyping ‘Genomic DNA was extracted from peripheral blood
by use of the QIAmp DNA blood kit (Qiagen, Hilden, Germany).
Genome-wide linkage analysis was performed using 387 fluores-
cently labeled autosomal microsatellite markers, with a resolution
of approximately 10 cM (Human MapPairs Version 9, Research
Genetics, LI-COR, Lincoln, Nebraska). The primer sequences of
the markers used in the fine mapping analysis were obtained from
the Genome Database (http://www.gdb.org/). There was a M13
forward tail at the 50 end of each primer and the M13-tailed forward
primer was labeled IRD700 or IRD800. All PCR amplifications were
set up in a 10 mL volume containing 20 ng genomic DNA template,
2.0 mM of each dNTP, 1.0 pmol of each M13-tailed primer, 1.0
pmol of primer, and 1.0 pmol of M13 primer labeled IRD700 or
IRD800 (LI-COR), 1.5 mM MgCl2, 10 mM Tris-HCl (pH 8.3), and 1.0
unit of AmpliTaq Gold DNA polymerase (Applied Biosystems, Fos-
ter City, California) and performed using a touchdown program as
follows: Taq activation at 951C for 8 min, followed by 40 cycles,
each having denaturation at 941C for 30 s, annealing at 561C for
45 s and extension at 721C for 45 s, except that the annealing
temperature decreased from 681C to 561C by 11C per cycle in the
first 14 cycles, and a final extension at 721C for 30 min. PCR
products were electrophoresed on a Licor 4200L DNA sequencer
(LI-COR) using 7% PAGE 7 M urea gels with a fluorescent dye
labeled DNA ladder. Data were collected and analyzed with Base
Image 4.1 and the RFLPSCAN software (LI-COR).
Linkage and haplotype analysis A parametric linkage analysis
was performed by assuming an autosomal dominant inheritance, a
complete penetrance, no phenocopy and a disease allele frequen-
cy of 0.00001. Two-point LOD scores were calculated using the
MLINK program from the LINKAGE software package, version 5.1
(Lathrop et al, 1984). Equally allele frequency was also assumed
for each marker. Haplotype construction was performed using the
Cyrillic software, version 2.02 (Sobel and Lange, 1996).
Mutation analysis of candidate genes on 18p11.3 Primers
were designed to amplify all the exons and the flanking intronic
splicing sites of USP14, THOC1, COLEC12, CETN1, CLUL1,
TYMS, HSRTSBTEA, YES1, ADCYAP1, METTL4, KNTC2, EMILIN-
2, LPIN2, MYOM1, MLCB, TGIF, DLGAP1, ZFP161, and EPB41L3
using the genomic DNAs from three affected individuals: II-5, III-10,
and IV-1. PCR amplifications were carried out using standard pro-
tocol, and the purified PCR products were sequenced directly in
ABI-3100 sequencer to detect mutations.
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Supplementary Material
The following material is available from http://www.blackwellpublish-
ing.com/products/journals/suppmat/JID/JID23455/JID23455sm.htm
Figure S1
Pedigree and haplotype analysis of the disseminated superficial
porokeratosis (DSP) family. The arrow indicates the proband; affected
and unaffected individuals are respectively represented by black and
open symbols; haplotype are show all available members with marker
names at the left of each generation. Black bars represent disease-
carrying haplotype.
Figure S2
Histopathologic examination of skin biopsy specimens showed the
unique characteristics of cornoid lamella with absent granular layers
below the parakeratotic column (hematoxylin and eosin; magnification
 200).
Figure S3
Lesions of porokeratosis were annular, ranging from 0.5 to 1 cm in
diameter, with an elevated slightly dark-brown border and slightly
atrophic centers on face (II-5).
Table S1. Two-point linkage analyses between the disseminated
superﬁcial porokeratosis (DSP) gene and 10 markers on chromo-
some 12q23–24 and seven markers on chromosome 15q24–26
Figure 1
Lesions of porokeratosis on the right arm and finger (IV I). Lesions
of porokeratosis were linear or annular, brown scaling plaques, ranging
in length from 0.3 to 0.5 cm, with central atrophy in a linear array on her
right arm.
Figure 2
Lesions of porokeratosis on chest (II-5). Lesions were characterized
by small annular, brown, atrophic center and a peripheral ridge, ranging
from 0.1 to 0.3 cm in diameter on chest (II-5).
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Table S2. Two-point linkage analyses between the disseminated
superﬁcial porokeratosis (DSP) gene and 14 markers of chromo-
some 18p
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